FINANCING ROAD CAPACITY AND
RETURNS TO SCALE UNDER
MARGINAL COST PRICING

A Note

By J. Berechman and D. Pines*

INTRODUCTION

As in the case of a private good, so also in the case of a collective good, optimal
pricing implies net profits (losses) if production of the good exhibits scale disecon-
omies (economies). This is precisely the result derived in the literature on the
relationship between the cost of providing road capacity, on the one hand, and
the revenue from optimal pricing of road use, on the other (see Mohring, 1965).
When the average variable cost incurred by road users depends on flow/capacity
ratio only, then the supply of road service exhibits global scale economies if
investment in road capacity per se exhibits scale economies. This is commonly
agreed since Mohring and Harwitz (1962)' and can be represented by the specific
relationship:

Toll Revenue )
Capacity Cost
where r, is the degree of homogeneity of the cost of capacity function.

What still remains controversial is how to measure scale economies associated
with the supply of road capacity. According to Keeler and Small (1977) and
Small, Winston and Evans (1989), the relevant scale economies are reflected in the
homogeneity of the road capacity cost function, where increasing supply prices of
inputs are accounted for.>

* Tel Aviv University. We are indebted to Kenneth A. Small, to Marvin Kraus, and to an anonym-
ous referee for helpful comments.

! An exception is Strotz (1965), who specifies the effect of congestion differently. For a general
treatment, where congestion affects the utility directly and indirectly through its effect on variable
cost, see Berglas and Pines (1981) and Starrett (1988).

2 A similar view is implied from Strotz’s discusssion, once we adjust his specification to those of
Mohring and Harwitz (1962), Keeler and Small (1977), Kraus (1981), Winston (1985) and Small
et al. (1989).
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A strictly opposing view was suggested eight years earlier by Kraus (1981, p. 2),
who said that, in measuring the relevant scale economies from cost function, factor
prices should be kept constant.

It seems to us that the issue has been blurred by using in both cases a reduced
form rather than structural relationships. It is, therefore, useful to cast the problem
in its underlying structural set-up, treating road capacity as an intermediate good
used, together with the time spent in trips, to produce road services, defined in
terms of traffic volume. This specification allows us to illustrate Mohring’s (1965)
statement on the analogy of production of transport with production of any other
commodity. In such a standard analysis what matters is the homogeneity of the
production function. Since the homogeneity of the production function is exactly
the reciprocal of the homogeneity of the corresponding cost function with fixed
factor prices, the position taken by Kraus is correct.

OPTIMAL ROAD PRICING AND INVESTMENT FINANCING

In this section we present a fully closed model of resource allocation with traffic
congestion and production of road capacity. Let the efficient resource allocation
problem be represented by

max wlZ, V)

Z,V,T|,T,L,,L,,W

s.t.
NZ—¢(T,, L)) <0 )
W—o(T,, Ly) <0 (3)
T\+T,+NVe(NV, W)—T<0 4)
Li+L,—L<0 (%)
where

u(- ) =utility function of an individual road user
W=road capacity
Z = consumption of a composite good
V'=number of trips per user
N=population size
T, =time input in the production of the composite good
T,=time input in the production of road capacity
L,=land input in the production of the composite good
L,=1and input in the production of road capacity
T=total productive time available in the economy
L=total land available in the economy
¢ (- )=production function of the composite good
¢(+)=production function of road capacity
¢(+)=time spent in a trip making (average variable cost terms of
time per trip)
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With Q= NV, the first-order conditions for maximising u(-) subject to (2)—(5)
can be reduced to

orp=1t (6)
oLB=vy @)
a=1(c+ Qco) ®

B+ 1Q0cw=0 )

where a, B, 7, and 7 are the shadow prices of trips, road capacity, land, and time,
in terms of the numeraire good, Z, and subscripts denote partial derivatives.

In the following discussion we treat W as an input used in producing volume
of trips, Q(=NV"). The total budget surplus, S, is analysed in terms of the sum of
profits derived from the production of trips volume, Q, and road capacity, W.

Starting with the profits derived from trip production, Q, we first note that
since, by assumption, c(-) is increasing in Q, so must be the total variable cost,
C, which satisfies

C=0c(Q, W)=0c(Q, o(+)) (10)
Therefore, there exists an inverse function of C(-), which can be written as
0=¢&(C, W)=4&(C, ¢(+)) (11)

&(-) is a standard production function of trips, of which the arguments are total
travel time and road capacity. With the above interpretation, the imputed profits
derived from producing trips per se, S;, are

Si=1Q%o— BW=1Q(Qco+ Wew)=1Q(1 —re)/Ec (12)

where r; is the homogeneity degree of &(-), &c is the partial derivative of &(-)
with respect to C, and use is made of (9).

Equation (12) states a familiar result that, under marginal cost pricing, the
production of road services, Q, is associated with profit (loss) if its production
function exhibits decreasing (increasing) returns to scale.

Now turn to the imputed profits derived from producing road capacity, S-.
With the above interpretation of the shadow prices, it follows from (3), (6), (7)
and (9) that

$2=¢(+ )~ Tt — Loay=BW(1 —rp) = 1Qcw W(1 —r,) (13)

where r,, is the degree of homogeneity of ¢(-) and use is made of (9).

Equation (13) states again the familiar result that production of road capacity
is associated with profit (loss) if its production function exhibits decreasing
(increasing) returns to scale.

Combining (12) and (13), we have

S=851+85=10[(1—re)/Sc—cwW(1—r,)] (14)
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CONCLUSION

Equation (14) shows that the profits associated with traffic production depend on
the homogeneity of the production functions of trips and road capacity. Thus it
illustrates the argument of Mohring (1965) that, under marginal cost pricing, road
service is not different from any other private good.

Differentiating (10) and (11) with respect of Q, W, and C, it is easy to derive

(I1=re)/Ec=rcc (15)

where r¢ is the homogeneity degree of C(-).

The standard assumption, to which both Kraus and Small ez al. agree, is that
c(+) is homogeneous of degree zero, that is, r.=0. Therefore, (15) implies that
traffic production, &(-), is homogeneous of the first degree. It, then, follows from
(14) that the sign of S depends only on the sign of (1 —r,,), that is, on the homogen-
eity of the road capacity production function. More specifically, S is positive
(negative) if r,, is smaller (greater) than 1, that i is, if the road capacity production
function exhibits scale diseconomies (economles)

Now, notice that scale economies (dlseconomles) in the cost function, that
is, r,<1 (r,>1), are isomorphic to scale economies (dlseconomles) 1n capacity
production, that is, r,>1 (r,<1), only when factor prices are fixed.* Hence, as
Kraus (1981) correctly observed, in evaluating the relevant homogeneity of the
cost function which determines the relationship between toll revenue and capacity
cost, factor prices should be kept constant.

Date of receipt of final typescript: September 1990.
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